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Abstract:
This paper investigates the relationship between environmental quality and economic development
through the use of the Environmental Kuznets Curve. The study will examine the effect of
economic development on the environmental quality for selected high, middle and low income
Latin American countries. The model will look at emission levels (CO2 emissions in metric tons
per capita) in Brazil, Mexico, Argentina, Columbia, Honduras and Nicaragua as affected by
changes in Gross Domestic Product. The results show that there is an inverted U-shaped curve
representing the relationship between environmental degradation (CO2 emissions per capita) and
GDP per capita, supporting the EKC hypothesis.
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1.0

INTRODUCTION
The Environmental Kuznets Curve implies that the environmental impact indicator is an

inverted U-shaped function of income per capita. The hypothesized relationship between various
indicators of environmental degradation and income per capita is that in the early stages of
economic growth, degradation and pollution increase. The trend then reverses beyond a certain
level of income per capita and the environmental quality begins to improve due to economic
growth at high-income levels (Stern 2003). As Stern (2003) argues, there is no evidence to
suggest that the Environmental Kuznets Curve applies to all pollutants or environmental impacts.
There are several empirical studies that confirm the existence of an Environmental
Kuznets Curve as well as some that challenge the hypothesis. In a study pertaining to air and
water pollutants in Africa, Orubu and Omotor (2011) find that the EKC hypothesis held for
suspended particulate matter (air pollution) while the results for organic water pollutants found
evidence that both supported and contradicted the hypothesis. Similarly, a study investigating the
relationship between carbon emissions, income, energy consumption, and foreign trade in
Pakistan found that the EKC hypothesis held in the long-run but not in the short-run (Nasir and
Rehman 2011). Fodha and Zaghdoud (2010) causality results support the EKC hypothesis
showing unidirectional causality with income causing environmental changes but not vice versa.
Most of the previous studies investigating the Environmental Kuznets Curve hypothesis
use panel data for one country and focus on the effects of a particular indicator of environmental
degradation for that country. This study is different from others because it focuses on multiple
countries in Latin America from different income levels. The two countries that represent high
income Latin American countries are Brazil and Mexico, the middle income countries are
represented by Argentina and Columbia, and Honduras and Nicaragua represent the lower

income countries. A regression will be done on the panel data for the 6 countries from 19622008. Then, a regression will be done for each individual country as well to see if there is a vast
difference between the countries of different income levels.
The rest of the paper is organized as follows: Section 2 takes a look at historical trends and
Section 3 gives a brief literature review. Section 4 outlines the empirical model. Data and
estimation methodology are discussed in section 5. Finally, section 6 presents and discusses the
empirical results. This is followed by a conclusion in section 7.
2.0

TREND
Since the early 1990’s there has been a lot of theoretical and empirical research on the

relationship between economic growth and environmental degradation and the Environmental
Kuznets Curve hypothesis. The Environmental Kuznets Curve, named for Simon Kuznets who
first hypothesized that income inequality first rises and then falls as economic development
proceeds, is a curve representing the relationship between indicators of environmental
degradation and income per capita.
There are many different environmental degradation indicators that can be used to test the
EKC hypothesis. Some examples include deforestation, CO2, NO or SO2 emissions (air quality),
and mercury, lead, cadmium, nickel etc. (water quality). Access to safe drinking water and traffic
volumes are also considered (Nasir and Rehman 2011). This study will focus solely on carbon
emissions (CO2) as an indicator to measure environmental degradation.
Historical trends of CO2 emissions for Latin American and Caribbean countries as
compared to world and OECD average emissions can be found in Figure 1 below.

Fig. 1. CO2 emissions in billions of tones of CO2 for Latin America and the Caribbean and selected countries
for the years 1990 and 2000.
Source: http://www.grida.no/graphicslib/detail/co2-emissions-in-1990-and-2000-latin-america-and-selectedcountries_83e4#

3.0

LITERATURE REVIEW
According to Stern (2003), most of the literature on the Environmental Kuznets Curve or

EKC is econometrically weak. Some of the problems with the econometric analysis of the
hypothesis include the lack of attention to the statistical properties of the data used such as serial
dependence or stochastic trends in time series (Stern 2003). Stern goes on to say that when such
statistics are taken into account and appropriate techniques are used, there is evidence to suggest
that the EKC does not exist (2003).
In Nasir and Rehman’s study on CO2 emissions in Pakistan, the positive and negative
signs for the coefficients for the natural log of GDP and the square of the natural log of GDP

provide evidence that confirms the existence of the EKC in Pakistan (2011). The first coefficient
is positive which tells us that an increase in per capita real GDP will increase per capita CO2
emissions. Then, the relationship changes and the negative sign in front of the square of the log
of GDP variable says that an increase in real GDP will, after a certain level of income, will
reduce per capita CO2 emissions (2011).
A study conducted on the EKC for CO2 in Canada found no evidence of an
Environmental Kuznets Curve (He and Richard 2010). Initially, upon using parametric cubic
models, the results were somewhat ambiguous and did not allow for a clear conclusion although
they indicated there probably was no such relationship. Upon applying more flexible estimation
methods, He and Richard found no evidence to support the EKC hypothesis (2010).
Fodha and Zaghdoud (2010) utilize a model in which not only can a U-shaped or inverse
U-shaped curve be tested for, but also an N-shaped or inverse N-shaped curve. An N-shaped
curve suggests that there is a second turning point resulting in environmental degradation rising
again with increasing income and an inverse N-shaped curve has the same relationship but in the
opposite direction. The results of the study suggested that there is an N-shaped relationship
between per capita CO2 emissions and per capita GDP and an inverse N-shaped relationship
between SO2 emissions per capita and GDP per capita (Fodha and Zaghdoud 2010).
Furthermore, the study conducted by Fodha and Zaghdoud found that the turning points were
very low and close to each other providing evidence that the CO2/GDP relationship is a
monotonically increasing curve and the hypothesis of an inverted U-shaped EKC for CO2
emissions in Tunisia does not hold (2010).

In a study done by Orubu and Omotor (2011) looking at the EKC for air and water
pollutants in Africa, the results pointed towards the existence of an N-shaped EKC. While the
results showed a decline in water pollution as GDP per capita increased with economic growth,
the study suggests that this may be a temporary observation as water pollution may intensify at
higher levels of income. The contrasting signs between the coefficients of the basic quadratic and
cubic equations and the augmented and RE and FE specifications support the existence of an NShaped EKC in the cubic specification for organic water pollutants (Orubu and Omotor 2011).
The findings for the suspended particulate matter (air pollution) for the African countries suggest
that an inverted U-shaped EKC exists.
Orubu and Omotor point out in their study that “due to increasing knowledge of the
impacts of environmental degradation, stricter policy measures as well as the availability of
pollution control technologies, developing countries may be turning the corner along the
environmental Kuznets curve faster than expected, and at far lower levels of income than those
suggested by existing empirical evidence, for the different environmental indicators” (2011).
This means that the EKC may be shifting over time which is a concept that has not yet been
given attention in existing studies (Orubu and Omotor 2011).
There have been arguments that increasing levels of wealth due to economic growth
make environmental protection more affordable and also more desirable (Spagenberg 2001).
Spagenberg critiques these arguments by pointing out that since environmental protection is an
area of concern for many developing countries, its desirability may be more influenced by the
subjective perception of affordability than the absolute level of income (2001). The conclusion is
that past studies on the EKC have measured increasing emissions of key pollutants, such as CO2,
NO and SO2, that are specific to one state of industrial development and their ensuing decrease

due to policy induced composition effects (Spagenberg 2001). Therefore, Spagenberg is saying
that an inverted U-shaped EKC development is just reflecting the growth, climax and decline of
that specific technology and its policies, but does not correlate growth and environmental
pressure in general (2001).
4.0

EMPIRICAL MODEL AND DEFINITION OF VARIABLES
lnCO2t = β0 + β1 lnGDPt + β2(lnGDPt)2 + εt
(1)
Eq. (1) shown above is the model this paper is based around (Orubu & Omotor 2011).

The dependent variable in this model, CO2, is the pollution variable. In this study the pollution
measure or indicator of environmental degradation is CO2 emissions in metric tons per capita.
The independent variables are the natural log of GDP per capita (lnGDP) and the natural log of
GDP per capita squared (lnGDP) 2. OLS, fixed effect and random effect models are run on the
panel data for 6 Latin American countries: Argentina, Brazil, Columbia, Honduras, Mexico and
Nicaragua. Then an OLS model is run for each individual country separately.
In order for the results to support the EKC hypothesis of an inverted U-shaped curve,
β1>0 and β2 < 0 must be statistically significant. If β1< 0 and statistically significant, but β2 is not
statistically significant, then the EKC is unconventional, and is a negatively sloped straight line.
If, however, β1> 0 and statistically significant, and β2 is not statistically significant, then CO2
emissions may worsen as per capita income increases (Orubu & Omotor 2011).
5.0

DATA AND METHODOLOGY
The data was obtained from the Worldbank database for Brazil, Mexico, Argentina,

Columbia, Honduras and Nicaragua which represent high, middle and low income Latin

American countries. Data was collected for the years 1962-2008. Variable descriptions and
summary statistics for the data are provided in Tables 1 & 2 respectively.

Table 1: Variables, Descriptions and Their Relationships with CO2 Emissions
Source: Author’s composition
Variable

Description

Expected Sign

Rationale

LNGDP

The natural log of GDP

(+)

The EKC hypothesis says that as CO2

per capita
LNGDP2

emissions increase, GDP should

The natural log of GDP

increase initially (LNGDP) and then

(-)

decrease after a certain period of time

per capita squared

(LNGDP2).

Table 2: Summary Statistics
Source: STATA
Variable

Observations

Mean

Standard

Minimum

Maximum

Deviation
LNCO2

282

.3489589

.7554417

-1.149164

1.577752

LNGDP

282

7.126771

1.0233

4.961788

9.199625

LNGDP2

282

51.83429

14.69648

24.61934

84.63309

6.0

EMPIRICAL RESULTS

Table 3: Summary estimates of environmental Kuznets equations
Source: Author’s computations from raw data from the Worldbank. Notes: Figures in the
parentheses under the coefficients are the standard deviations. (**) denotes statistical significance.
Variable

OLS model

Random effects model

Fixed effects model

Constant

-5.053 (1.313)**

-4.036 (.473)**

-4.024 (.443)**

LNGDP

.947 (.371)**

.987 (.130)**

.988 (.125)**

LNGDP2

-.026 (.026)**

-.051 (.009)**

-.051 (.009)**

R2

.568

.591

.590

Table 3 above shows the results for the basic OLS model, the fixed effects model and the
random effects model. With a positive coefficient measured for LNGDP and a negative
coefficient measured for LNGDP2, this supports the EKC hypothesis of an inverted U-shaped
curve in the traditional OLS specification. The results for the fixed effects model and the random
effects model also have properly signed coefficients that are statistically significant which means
that the EKC hypothesis exists for CO2 emissions across the 6 selected Latin American
Countries.

OLS summary estimates for each individual country can be found in Table 4 below.
Overall the results seem to be consistent with the EKC hypothesis with a positive LNGDP
coefficient and a negative LNGDP2 coefficient, both statistically significant. One country,
Honduras, has the opposite signs than expected with LNGDP being negative and statistically
significant and LNGDP2 not being statistically significant. As previously stated, if β1 < 0 and
statistically significant, but β2 is not statistically significant, then the EKC is unconventional, and
is a negatively sloped straight line. This is an interesting variation in findings as Honduras is
representative of a lower income country in Latin America which calls into question the

relationship between environmental degradation and GDP for low income countries vs. that for
higher income countries.

Table 4: OLS summary estimates for individual countries
Source: Author’s computations from raw data from the Worldbank. Notes: Figures in the
parentheses under the coefficients are the standard deviations. (**) denotes statistical significance.

Constant
LNGDP
LNGDP2
R2
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Argentina

Brazil

Columbia

Honduras

Mexico

Nicaragua

-8.515

-4.564

-5.519

3.184

-9.418

-.4.499

(2.119)**

(.688)**

(.761)**

(2.737)

(.667)**

(2.889)

2.313

1.048

1.671

-1.680

2.522

1.005

(.531)**

(.195)**

(.223)**

(.876)**

(.178)**

(.958)

-.135

-.052

-.116

.170

-.147

-.058

(.033)**

(.014)**

(.016)**

(.070)

(.012)**

(.079)

.588

.928

.630

.710

.955

.526

CONCLUSION & POLICY RECOMMENDATIONS
This study aimed to identify the relationship between environmental degradation and

GDP across 6 Latin American countries from different income levels, namely Argentina, Brazil,
Columbia, Honduras, Mexico and Nicaragua. The OLS, fixed effects and random effects model
for the data found evidence supporting the existence of an EKC inverted U-shaped curve,
consistent with the findings in previous studies. The results of the OLS models for the individual
countries showed similar results, except for the low income country Honduras which showed
evidence of a negatively sloped straight line (Orubu and Omotor 2011).
Many previous studies do not consider regions or multiple countries at once in the panel
data but instead focus on data for one country. The regression results provide helpful information
regarding the impact of income level on the relationship between environmental degradation and

GDP. While economic growth may lead to an initial increase and then along run decrease in
environmental degradation (in this study represented by CO2 emissions) for high income
countries, the relationship is less clearly defined for lower income countries. This question of
whether the EKC relationship is a “one size fits all” relationship is not new. Studies continue to
investigate how income level has an impact on the environmental Kuznets curve.
In an article discussing the environmental quality in Latin America and the
Caribbean, Márquez (2012) writes that “Latin American and the Caribbean have the potential to
uncouple regional economic growth from fossil fuel consumption and develop a “green
economy” based on cleaner energy sources, while at the same time reducing social inequalities.”
According to Jose Rivera, the permanent secretary of the Latin American and Caribbean
Economic System (SELA), “it is not a question of changing production and consumption
patterns overnight, but of moving forward in that direction, building regional consensus on
investments, public policies, incentives, subsidies, regulations, training and awareness-raising,
and international cooperation” (Márquez 2012). A shift towards a “greener economy” is a step in
the right direction to obtain sustainable growth in Latin America and the Caribbean. As Márquez
explains in the article, “direct state involvement is required through public policies intended to
galvanize and enliven the transition. Nevertheless, transition towards a green economy is not
enough; there is the need to make it all-inclusive, with policies to ensure job adjustments and
training so that the labor force is able to work in a green economy” (2012). If these ideas are put
into action, there will be hope for sustainable growth in Latin America and the Caribbean.
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